We totally classify the projective toric varieties whose canonical divisors are divisible by their dimensions. In Appendix, we show that Reid's toric Mori theory implies Mabuchi's characterization of the projective space for toric varieties.
Introduction
In These results seem to be toric geometric analogues of Kobayashi-Ochiai's theorems (see [6] ). In [6] , they characterized Ò-dimensional Fano manifolds whose first Chern classes are divisible by Ò or Ò + 1. Before we state the main theorem of this paper, let us recall the following theorem, which is a direct consequence of the main theorem of [1] . 
Obviously, Theorem 1.2 is much stronger than Theorem 1.1 (A) for projective toric varieties. Note that we do not assume that is non-singular in Theorem 1.2. Unfortunately, we need the projectivity assumption for our proof since it depends on the toric Mori theory. In this short paper, we try to generalize Theorem 1.1 (B) for projective toric varieties without any assumptions about singularities. The next theorem is the main theorem of this paper. This paper is not self-contained. It heavily relies on my previous paper: [1] . As we said before, we need the projectivity assumption for our proof since it depends on the toric Mori theory. I do not know if our results are true or not without this assumption. In general, if is non-projective, then the Kleiman-Mori cone NE( ) may have little information (see [2] , [3] , and [9] ). After I circulated the preliminary version of this paper, Akio Hattori obtained Theorem 3.2 below for Q-factorial complete (not necessarily projective) toric varieties on a slightly stronger assumption that Ã Ò . His proof depends on the theory of orbifold elliptic genera. For the details, see [4, Corollary 5.9] . Finally, in Appendix, we show that Reid's toric Mori theory implies Mabuchi's characterization of the projective space for toric varieties (see Theorem 4.1). We freely use the notation in [1] . We will work over an algebraically closed field throughout this note. We summarize the contents of this paper. In Section 2, we investigate Q-factorial toric Fano varieties with = 1 that have long extremal rays. It is a generalization of [1, Proposition 2.9]. Section 3 is the main part of this paper. Here, we classify the toric varieties whose canonical divisors are divisible by their dimensions. Section 4 is an appendix, where we treat Mabuchi's characterization of the projective space for toric varieties.
NOTATION. The symbol denotes the numerical equivalence for Q-Cartier divisors.
Q-factorial toric Fano varieties with = 1
We use the same notation as in [ 
Proof. It is obvious that Ò 2. By the assumption, we have
we have mult ( ) = mult( Ò+1 ) for every . This implies that divides Ò+1 for all . 
Then it is not difficult to see that Î (Ú ) is a torus invariant Cartier divisor and Ã ÒÎ (Ú ) for 3 Ò + 1.
Main Theorems
In this section, we classify the structures of the Q-Gorenstein projective toric varieties with Ã Ò . Before we go to the classification, let us note the following lemma. The proof is easy. 
Lemma 3.1 (Numerical equivalence and Q-linear equivalence). Let be a pro-
³ P P 1 (O(Õ 1 )¨O(Õ 2 )¨¡ ¡ ¡¨O(Õ Ò )) such that È Ò =1 Õ = 2. In this case, O ( ) ³ O P (1), where O P (1) is the tautological line bundle of P P 1 (O(Õ 1 )¨O(Õ 2 )¨¡ ¡ ¡¨O(Õ Ò )).
Note that is non-singular and ( ) = 2. (2)
³ P (1 1 2 2 2) So, we obtain ³ P P 1 (O(Õ 1 )¨O(Õ 2 )¨¡ ¡ ¡¨O(Õ Ò )). We can assume that 0
we have
We finish the proof when ¬ = 1.
When ¬ = 0, it is obvious that « = 0 and ( ) = 1. Then this case follows from Proposition 2.1. REMARK 3.3. Take = P P 1 (O¨¡ ¡ ¡¨O¨O (2)), which is a special case of (1) in Theorem 3.2. Then, the Picard number ( ) = 2. So, AE ( ) has two rays. One ray Ê corresponds to the P Ò 1 -bundle structure P 1 . Another ray É corresponds to the contraction ³ := ³ É :
2). We note that Ã is ³-numerically trivial and that ³ contracts a divisor P 1 ¢ P Ò 2 ³ P P 1 (O¨¡ ¡ ¡¨O) . Thus, ³ is a crepant resolution of P (1 1 2 2).
Next, we investigate the structures of when is not Q-factorial and Ã Ò . In the following theorem, it is obvious that Ò 3. It is because every toric surface is Q-factorial.
Theorem 3.4 (non-Q-factorial case). Let be a non-Q-factorial projective toric
variety with dim = Ò 3. Assume that is Q-Gorenstein and Ã Ò for some Cartier divisor on . We put = P P 1 (O¨¡ ¡ ¡¨O¨O (1)¨O (1)). Then is the target space of the flopping contraction ³ : (1)). In this case, ( ) = 1 and is
Gorenstein.
Proof. We take a small projective toric Q-factorialization : (see [ has the desired properties.
Appendix
In this section, we show that Mabuchi's characterization of the projective space for toric varieties (cf. [7, Theorem 4 .1]) easily follows from [8] . We can skip Step 2 in the proof of [7, ACKNOWLEDGMENTS. I would like to thank Doctor Hiroshi Sato, who informed me of the paper [5] .
